Rationale Responsiveness to acute psychostimulant administration varies across ontogeny. Objective The purpose of the present study was to determine if age-dependent changes in D2
Introduction
Psychostimulant-induced behavioral responsiveness shows maturational changes across early ontogeny, through adolescence and into adulthood (for reviews, see Spear 1979 Spear , 2000 . Although interpretation is hampered by differences in motoric ability, preweanling rats may be more sensitive to the locomotor-stimulating effects of psychostimulants than adolescent (Spear and Brick 1979) or adult (Campbell et al. 1969) rats. Adolescence, on the other hand, has been described as a period of hyporesponsiveness to psychostimulant drugs. Spear (1979 Spear ( , 2000 has long contended that sensitivity to acute psychostimulant administration is best represented by a U-shaped curve, with preweanling and adult rats showing robust cocaine-and amphetamine-induced locomotor activity, while adolescent rats exhibit a muted response to these drugs (Spear and Brake 1983 ; see also Lanier and Isaacson 1977; Bolanos et al. 1998; Frantz et al. 2006) . Not all findings are consistent with this conceptual framework however as multiple reports suggest that acute psychostimulant administration causes hyperresponsiveness, rather than hyporesponsiveness, in adolescent rats and mice (Caster et al. 2005; Catlow and Kirstein 2005; Badanich et al. 2008; Kameda et al. 2011) .
Difficulties associated with assessing age-dependent changes in psychostimulant responsivity are probably responsible for the lack of consistency between laboratories. Age comparisons involving preweanling rats are particularly problematic because the behavioral repertoire of the young animal, as well as general motoric ability and body size, changes across ontogeny (Moody and Spear 1992) . The mechanisms of action of the different psychostimulants may also be responsible for some of the divergent results because Walker et al. (2010) have reported that dopamine (DA) transport inhibitors (e.g., cocaine and methylphenidate) induce more locomotor activity in adolescent rats than in adults, while DA releasers (e.g., amphetamine and methamphetamine) cause similar behavioral effects in the two age groups (but see Bolanos et al. 1998) . Psychostimulants differentially impact the locomotor activity of male and female adult rats (Festa et al. 2004; Milesi-Hallé et al. 2005) ; thus, it is not surprising that sex may be an important determinant affecting the ontogeny of drug responsivity (Parylak et al. 2008) . Lastly, the pattern of results obtained is heavily influenced by the decision to statistically analyze untransformed locomotor activity data (Campbell et al. 1969; Spear and Brick 1979; Kameda et al. 2011) or percent of saline controls (Badanich et al. 2008; White et al. 2008; Koek et al. 2012) .
The neural mechanisms responsible for the ontogeny of psychostimulant responsivity are not yet understood, although the role played by the DA transporter has been examined in some detail. It is perhaps relevant that DA release capacity increases from adolescence to adulthood, while the ratio of DA uptake to release declines . These findings have led Walker et al. (2010) to suggest that age-dependent changes in DA release capacity may underlie some of the behavioral differences reported in adolescent and adult rats. Whether this explanation can account for the enhanced drug sensitivity exhibited by preweanling rats is uncertain. DA receptor numbers also vary across ontogeny, but not in a simple monotonic fashion. D1 and D2 receptor sites in the dorsal striatum increase linearly in number until around the fourth postnatal week, at which time there is a dramatic overproduction of receptors and then a gradual decline of up to 35-50 % until adult-like levels are reached (for reviews, see Andersen and Teicher 2000; Tarazi and Baldessarini 2000; Andersen 2003) . The transient overabundance of D1 and D2 receptors during the adolescent period may affect sensitivity to psychostimulants. In preweanling rats, however, changes in DA receptor numbers per se do not seem to correspond to alterations in psychostimulant responsivity. Instead, it is possible that age-dependent changes in high-affinity D2 receptors might account for ontogenetic differences in drug sensitivity. Consistent with this explanation, manipulations that increase the percentage of D2
High receptors produce a state in which rats show a supersensitive response to psychostimulant drugs (Seeman 2011) . Therefore, our working hypothesis is that age-dependent alterations in the percentage of D2 High receptors are at least partially responsible for ontogenetic differences in responsivity to psychostimulants.
The aim of our study was twofold: (1) to determine the ontogeny of dorsal striatal D2
High receptors during the preweanling period [postnatal day (PD) 5, PD 10, PD 15, and PD 20], adolescence (PD 40), and adulthood (PD 80) and (2) assess cocaine sensitivity in male and female preweanling, adolescent, and adult rats. Percent D2
High receptors did not vary among the four preweanling ages tested, so only one of these groups was included in the behavioral experiment. In order to avoid some of the interpretive problems associated with using very young rats (e.g., limited motoric ability, poor thermoregulation, unopened eyes, etc.), PD 20 rats served as our preweanling age group. Even so, we made the testing environments more physically compatible by assessing preweanling rats in smaller-sized chambers than adolescent and adult rats (see also Campbell et al. 1969; Lanier and Isaacson 1977; Shalaby and Spear 1980; DoremusFitzwater and Spear 2010) . In all cases, rats were habituated to the testing environment for 2 days (60 min each day) prior to cocaine administration. Distance traveled data (a measure of horizontal locomotor activity) were presented both untransformed and as percent of same-age/same-sex saline controls from the second habituation day (White et al. 2008 ).
Materials and methods

Subjects
Subjects were 390 preweanling, adolescent, and adult rats. Male (N=46) and female (N=46) adult rats were purchased from Charles River (Hollister, CA). Adult rats were allowed to acclimate to the California State University, San Bernardino (CSUSB) vivarium for a minimum of 21 days before behavioral testing. Preweanling (males, N=101; females, N=100) and adolescent (males, N=48; females, N=49) rats were born and bred at CSUSB. Litters were culled to 10 pups on postnatal day (PD) 3 and weaned on PD 23. Preweanling rats were kept with the dam and littermates, whereas adolescent and adult rats were group housed with conspecifics. Food and water were freely available. The colony room was maintained at 22-23°C and kept under a 12 light:12 dark cycle. Subjects were cared for according to the "Guide for the Care and Use of Laboratory Animals" (National Research Council 2010) under a research protocol approved by the Institutional Animal Care and Use Committee of CSUSB.
Apparatus
Behavioral testing was done in commercially available (Coulbourn Instruments, Allentown, PA) activity monitoring chambers, consisting of acrylic walls, a plastic floor, and an open top. Each chamber included an X-Y photobeam array, with 16 photocells and detectors, that was used to determine distance traveled (locomotor activity) and repetitive motor movements (a measure of stereotypy). Preweanling and older rats differ substantially in terms of body weight, body length (from the snout to base of the tail), and motoric ability. For example, male rats tested on PD 80 are longer (x=26.1 cm) and heavier (x=395.4 g) than male rats tested on PD 20 (length, x=12.7 cm; weight, x=47.2 g). Therefore, PD 20 rats were tested in smaller chambers (26×26×41 cm) than PD 40 and PD 80 rats (41×41×41 cm). In all other aspects, the different-sized chambers were identical to each other.
Drugs
For the receptor binding experiment, (−)-sulpiride was dissolved in a minimal amount of glacial acetic acid and diluted with distilled water. For the behavioral experiment, (−)-cocaine hydrochloride was dissolved in saline and injected intraperitoneally (IP) at a volume of 5 ml/kg (preweanling rats) or 1 ml/kg (adolescent and adult rats 
D2
High receptors were measured in the dorsal striatum of male and female rats at four preweanling ages (PD 5, PD 10, PD 15, and PD 20) , during adolescence (PD 40), and in adulthood (PD 80) . Because the size of striatal samples varied according to age, samples from multiple rats from the same litter were pooled in order to provide tissue homogenates of sufficient volume. There were eight tissue homogenates at each age (four male and four female), requiring a total of 150 subjects (PD 5, n=43; PD 10, n=32; PD 15, n=24; PD 20, n=22; PD 40, n=17; and PD 80, n=12) . On the test day, nondrug-treated rats were killed by rapid decapitation, and dorsal striatal sections were dissected bilaterally on an ice-cold dissection plate and stored at −80°C. Tissue was prepared, and assays were conducted as described previously (Seeman 2008; McDougall et al. 2014b) . Briefly, striatal tissue was added to buffer (6 mg tissue per 1 ml buffer) consisting of 50 mM Tris-HCl (pH 7.4), 1 mM EDTA, 1.5 mM CaCl 2 , 5 mM KCl, 120 mM NaCl, and 4 mM MgCl 2 . Tissue was then homogenized using a motorized Teflon-glass homogenizer.
For the competition assays, duplicate incubation tubes contained 0.15 ml of striatal homogenate, 1.2 nM [ 3 H]-domperidone, and various concentrations of DA. Nonspecific binding was determined in the presence of 10 μM (−)-sulpiride. The total volume for each tube was 0.5 ml. The tubes were then incubated at room temperature for 2 h. Incubation was terminated by vacuum filtration over glass fiber filters (Whatman GF/C, presoaked in assay buffer). Radioactivity was measured by liquid scintillation spectrometry.
Behavioral procedures
Male and female preweanling, adolescent, and adult rats were randomly assigned to one of five different treatment conditions. During the habituation phase, which began on PD 18, PD 38, or PD 78, rats were injected with saline and placed in activity chambers where distance traveled was measured for 60 min. A total of 40 male and 40 female rats were tested at each age. The habituation phase lasted for two consecutive days. The testing phase occurred on the following day (i.e., PD 20, PD 40, or PD 80), with rats (n=8 per group) receiving an injection of saline or cocaine (2.5, 5, 10, or 20 mg/kg, IP) immediately before being placed in the activity chambers. Data from the first 60 min of behavioral testing were statistically analyzed and graphically presented.
Data analysis
Litter effects were minimized by assigning no more than one subject from each litter to a particular group (Holson and Pearce 1992) . For the homogenate ligand-binding assays, 6×2 (age×sex) ANOVAs were used to analyze specific binding (fmol/mg wet weight tissue) and the fraction of D2 receptors in the high affinity state (i.e., D2
High receptors). The percentage of D2
High receptors for each [ 3 H]-domperidone/DA competition assay was determined using the following equation for a two-site model:
where y=specific binding, min=nonspecific binding, max= total binding, F=fraction of first receptor population, and x= concentration of unbound ligand (GraphPad Software, San Diego, CA). For the behavioral experiments, repeated measures analyses of variance (ANOVAs) were used to analyze the habituation and test day data. Significant higher-order interactions (e.g., age×drug dose×sex×time block) were further analyzed using lower-order ANOVAs. When analyzing individual time blocks, the mean square error terms (i.e., MS error ) used for the Tukey calculations were acquired from separate one-way ANOVAs. When the assumption of sphericity was violated, as determined by Mauchly's test of sphericity, the Greenhouse-Geisser epsilon statistic was used to adjust degrees of freedom (Geisser and Greenhouse 1958) . Corrected degrees of freedom were rounded to the nearest whole number and, in each case, are indicated by a superscripted "a" in the parenthetical statistical reports. Post hoc analysis of both the behavioral and receptor binding data was done using Tukey tests (P<0.05). A three-parameter sigmoid curve fit model (Motulsky and Christopoulos 2003) was used to determine group dose-response curves for the behavioral data. Data from preweanling rats given 20 mg/kg cocaine were not included in the regression analyses since these data diverged from the ascending slopes. Dose-response curves were presented for descriptive purposes only because some of the curves failed to converge, and ED 50 values could not be estimated (Assié et al. 2010) .
Results
D2 competition assays
Specific binding
A trend analysis showed that D2 specific binding in the dorsal striatum increased linearly according to age [F 1,42 Rao et al. 1991) . D2 specific binding in the dorsal striatum did not differ according to sex.
Percent D2 High receptors
The percentages of D2 High receptors in the dorsal striatum of male and female preweanling, adolescent, and adult rats are shown in Fig. 1 , while representative competition curves are presented in Fig. 2 . Although the percentage of high-affinity receptors did not differ among the four youngest age groups tested , preweanling rats had a significantly greater percentage of dorsal striatal D2
High receptors than adolescent or adult rats [age main effect, F 5,36 = 13.02, P<0.001]. The percentage of D2
High receptors in the dorsal striatum did not vary between male and female rats (Table 1) .
Locomotor activity of preweanling, adolescent, and adult rats during the habituation phase Basal locomotor activity of preweanling, adolescent, and adult rats differed according to both habituation day and time block [ a age×day×time block interaction, F 17,1973 =5.99, P<0.001], as distance traveled scores were greater on the first day of habituation than on the second (Fig. 3) [day main effect, F 1, 237 =54.09, P<0.001]. Neither the main effect nor interactions involving the sex variable were statistically significant. As a consequence of these initial statistical analyses, distance traveled scores were collapsed across the sex variable and the two habituation days were analyzed separately.
On day 1 of the habituation phase (Fig. 3 , left graph), Tukey tests revealed that adult rats (PD 78) had significantly greater distance traveled scores than preweanling rats (PD 18), with adolescent rats (PD 38) being intermediate between the two other age groups and significantly different from both [age main effect, F 2,237 =182.58, P<0.001]. Adult and adolescent rats locomoted more than preweanling rats on all 12 time blocks, whereas adult rats exhibited more locomotor A similar pattern of effects was apparent on the second habituation day (Fig. 3 , right graph), as adults locomoted more than preweanling (time blocks 1-9) and adolescent (time blocks 1-6 and 9) rats, while adolescent rats locomoted more than preweanling rats (time blocks 1, 2, and 6-8) [ To break apart significant higher-order interactions, the distance traveled scores of the various age groups were analyzed separately.
Preweanling rats (PD 20)
Among preweanling rats, distance traveled scores did not vary according to sex (Fig. 4, upper panels) . Lower doses of cocaine (2.5-10 mg/kg) caused a linear increase in distance traveled scores [F 1,60 =71.02, P<0.001], with 5 and 10 mg/kg cocaine inducing significantly more locomotion than saline [drug dose main effect, F 4,70 =17.82, P<0.001]. An even higher dose of cocaine (20 mg/kg) caused a significant reduction in distance traveled scores relative to the 10 mg/kg cocaine group. An analysis of individual time blocks using Tukey tests showed that 10 mg/kg cocaine stimulated more locomotion than saline on all 12 time blocks, while rats treated with 5 mg/kg cocaine had greater distance traveled scores than saline controls on time blocks 2-10 [ a drug dose×time block interaction, F 19,328 =4.11, P<0.001]. Importantly, 20 mg/kg cocaine produced less locomotion than 10 mg/kg cocaine on time blocks 3-12 and more locomotion than saline on time blocks 1-5.
Adolescent rats (PD 40)
Cocaine caused a linear and progressive increase in the distance traveled scores of adolescent rats (Fig. 4, middle 
Adult rats (PD 80)
Adult female rats had significantly greater distance traveled scores than male rats [sex main effect, F 1,70 = 12.52, P<0.001], an effect that was only apparent in groups receiving 10 or 20 mg/kg cocaine (Fig. 4, lower panels) 
Cross-age comparisons
Adult rats treated with saline, 2.5 or 20 mg/kg cocaine had greater distance traveled scores than preweanling or adolescent rats (Fig. 4) [age×drug dose interaction, F 8,210 =13.28, P<0.001]. Preweanling rats injected with 20 mg/kg cocaine also exhibited less locomotor activity than adolescent rats. Dose-response curves representing group performance suggest a leftward shift in cocaine sensitivity among male, but not female, preweanling rats (upper graphs, Fig. 5 ). Distance traveled scores varied according to sex, with adult females evidencing more locomotor activity than adult males [sex× age interaction, F 4,210 =3.63, P<0.05].
Cocaine-induced repetitive motor movements
No sex differences were apparent, so repetitive motor movement data are shown collapsed across the sex variable (Fig. 6) 
Cocaine-induced locomotor activity: percent of habituation day
Basal locomotor activity differed substantially according to age; thus, test day data were converted to percent of sameage/same-sex saline controls from the second habituation day [hereafter referred to as percent habituation (%Hab)]. The omnibus age×drug×sex×time block ANOVA indicated that the %Hab scores [(distance traveled on the test day/distance traveled on the second habituation day)×100] of female rats were significantly elevated relative to male rats [sex main effect, F 1, 210 =10.81, P<0.01]. As a consequence, drug effects involving male and female rats were analyzed separately.
Male rats
Statistical analysis of the %Hab scores of male rats showed that cocaine interacted with age and time to affect behavior [age×drug dose interaction, F 8,105 =7.86, P<0.001; a age× drug dose×time block interaction F 44,572 =4.15, P<0.001]. %Hab scores did not differ among saline-treated preweanling, adolescent, or adult rats (Fig. 7, top panel) ; however, preweanling rats injected with 2.5 mg/kg cocaine had greater %Hab scores than adolescent (time blocks 3, 5, 6, 8, and 9) or adult (time blocks 3 and 8) rats [age main effect, F 2,21 =5.94, P<0.01; a age×time block interaction, F 9,93 =2.58, P<0.05]. Among male rats administered 5 mg/kg cocaine, preweanling rats had significantly larger %Hab scores than adolescent and adult rats on time blocks 2-10 (Fig. 7, middle panel) Fig. 5) . A different pattern of effects was apparent when male rats were injected with 20 mg/kg cocaine (Fig. 7, bottom panel) , as preweanling rats had smaller %Hab scores than adolescent (time blocks 4-7 and 9) and adult (time blocks 7, 8, and 10-12) rats [age main effect, F 2,21 =5.47, P<0.05; a age×time block interaction, F 7,73 =10.16, P<0.001]. Tukey tests revealed that adult rats had greater %Hab scores than adolescents on time blocks 11 and 12. Importantly, increasing the cocaine dose from 10 to 20 mg/kg caused a significant reduction in the %Hab scores of preweanling rats, whereas cocaine produced a dose-dependent increase in the %Hab scores of adolescent and adult male rats [age×drug dose interaction, F 8,105 =7.86, P<0.001].
Female rats
When treated with saline or the lesser doses of cocaine (2.5 or 5 mg/kg), female preweanling rats had greater %Hab scores than the two older age groups (Fig. 8) Unlike what was observed in male rats, 10 mg/kg cocaine did not differentially affect the overall performance of the three female age groups (Fig. 8, second panel from the bottom). Only at the end of the testing session (time blocks 11 and 12) did 10 mg/kg cocaine stimulate greater %Hab scores in preweanling rats relative to adolescents [ a age×time block interaction, F 5,57 =3.22, P<0.05]. Doseresponse curves representing the %Hab scores of female rats reflect an increased sensitivity to cocaine in the youngest age group, although the effect appears to be muted when compared to male rats (bottom right graph, Fig. 5 ).
When treated with the highest dose of cocaine (20 mg/kg), female preweanling rats had significantly smaller %Hab scores than adult rats (time blocks 7-12), while adolescent rats were intermediate between the two other age groups (Fig. 8,  bottom panel) [age main effect, F 2,21 =3.75, P<0.05; 
Discussion
The aim of the present study was to determine whether the percentage of D2 High receptors varies across ontogeny and whether these changes in receptor affinity correspond to agedependent differences in behavioral responsiveness to cocaine. Our overarching hypothesis was that cocaine-induced increases in extracellular DA would produce heightened behavioral effects in preweanling rats by acting on an excess population of high-affinity receptors (i.e., D2
High receptors) more of which were responsive to DA. As expected, preweanling rats had twofold more dorsal striatal D2
High receptors than adolescent and adult rats. The percentage of D2 High receptors did not vary among the four preweanling age groups tested , suggesting that a large proportion (~50 %) of D2 receptors stay in a high-affinity state throughout early development. D2
High receptors declined to adult-like levels by the mid-adolescent period (see also McDougall et al. 2014b) , which contrasts with the transient overproduction of D1 and D2 receptors that occurs during adolescence (Tarazi and Baldessarini 2000; Andersen 2003 ). We did not observe elevated levels of D2 binding sites during adolescence; however, the [ 3 H]-domperidone/DA competition assay is designed to measure D2 High receptors and is not as sensitive as saturation binding assays for detecting agedependent changes in D2 binding sites.
In general, the ontogeny of dorsal striatal D2 High receptors corresponds to age-dependent changes in cocaine sensitivity. When locomotor responsiveness was assessed in terms of percent of same-age/same-sex saline controls (%Hab), male and female preweanling rats were significantly more sensitive to low (2.5 and 5 mg/kg) and moderate (males only, 10 mg/kg) doses of cocaine than older rats. A high dose of cocaine (20 mg/kg) caused a significant reduction in the %Hab scores of preweanling rats and a corresponding increase in repetitive motor movements (a measure of stereotypy). Conversely, the same high dose of cocaine (20 mg/kg) further enhanced the locomotor activity of adolescent and adult rats. This pattern of effects indicates that the PD 20 age group had a greater sensitivity to cocaine because the transition from predominately nonstereotyped to stereotyped behavior occurred at a lower dose in preweanling rats than in adults (for a discussion of psychostimulants and "behavioral competition," see Morelli et al. 1980; Bordi et al. 1989; Varela et al. 2014) . Comparisons between adolescent and adult rats showed that cocaine sensitivity, at least in terms of %Hab scores, varied only slightly according to age. For example, adult rats treated with 20 mg/kg cocaine had greater %Hab scores than adolescent rats on time blocks 11 and 12. In sum, the receptor binding and %Hab data appear to be linked at each age since D2
High receptors and cocaine sensitivity were simultaneously elevated in preweanling rats and correspondingly reduced in adolescent and adult rats.
When untransformed data were statistically analyzed, a somewhat different pattern of cocaine-induced effects was obtained as adolescent rats, when compared to adults, exhibited a hypoactive response to cocaine (2.5 and 20 mg/kg). Conversely, analysis of the untransformed data showed once again that preweanling rats were hyperresponsive to cocaine when compared to the two older age groups. As evidence, 5 mg/kg cocaine only increased the locomotor activity of preweanling rats and not older rats, whereas 2.5-10 mg/kg cocaine caused a progressive increase in the cocaine-induced locomotor activity of preweanling rats, while an even higher dose of cocaine (20 mg/kg) produced both a blunted locomotor response and increased repetitive motor movements. This pattern of results suggests that stereotypy competed with, and partially masked, the locomotor response in preweanling rats. Although not as obvious as when data were transformed to percent of saline controls (%Hab), these results indicate that preweanling rats were more sensitive to cocaine than adolescent and adult rats.
Considering the present results in light of past studies examining the ontogeny of responsivity to psychostimulants, the most obvious explanation is that rats from the late preweanling period (i.e., PD 20) are more sensitive to cocaine than older rats. Campbell et al. (1969) came to the same conclusion when comparing even younger (PD 15) amphetaminetreated rats to adults. Data interpretation involving the older age groups is more difficult because one set of results suggested that adolescents and adults are equally sensitive to cocaine (%Hab scores), while analysis of untransformed data indicated that adolescent rats were hyporesponsive to 2.5 and 20 mg/kg cocaine. A similar hyporesponsiveness to psychostimulants has been reported many times before in adolescent rats and mice (Lanier and Isaacson 1977; Spear and Brake 1983; Bolanos et al. 1998; Frantz et al. 2006; Mathews et al. 2009 ). As mentioned in the "Introduction," however, there are probably an equal number of studies showing that psychostimulants either induce hyperresponsiveness during adolescence (Caster et al. 2005; Catlow and Kirstein 2005; Badanich et al. 2008; Walker et al. 2010; Kameda et al. 2011) or do not differentially affect the behavior of adolescent and adult rats (Niculescu et al. 2005; Walker et al. 2010) . In regard to these discrepant results, it seems likely that methodological differences among the various laboratories are responsible (for a fuller discussion, see Frantz et al. 2006; Kameda et al. 2011) . For example, different results are often obtained depending on whether testing occurs during early, middle, or late adolescence. Indeed, Badanich et al. (2008) have reported that early adolescent male rats injected with 20 mg/kg cocaine exhibited more locomotor activity than late adolescent rats or young adults (see also Badanich et al. 2006; Caster et al. 2007) . Until the various factors and situational constraints controlling the ontogeny of psychostimulant sensitivity are better understood, undue speculation about the translational relevance of these types of findings is premature.
In addition to providing information about cocaine sensitivity, the design of the present study allowed basal locomotor activity to be assessed across three ontogenetic periods. Regardless of habituation day, adult rats exhibited more locomotor activity than preweanling rats, with adolescent rats being intermediate between and significantly different from the younger and older age groups. The finding that preweanling rats locomoted less than adults has been observed before in both habituated and nonhabituated animals (McDougall et al. 2007 (McDougall et al. , 2014a ; but see Campbell et al. 1969) . Less clear is the relationship between adolescents and adults because adult rats and mice were found to exhibit more (Adriani and Laviola 2000; Koek et al. 2012; McDougall et al. 2014a) , less (Lanier and Isaacson 1977; Spear and Brake 1983) , or similar levels of basal locomotor activity when compared to adolescent rodents (White and Holtzman 2005; Zombeck et al. 2010 ). Procedural differences, especially involving the amount of habituation provided, probably account for the inconsistent results (Koek et al. 2012) .
Although sex was included as a factor in the statistical analysis of the behavioral and neurochemical data, very few sex differences were observed. Specifically, D2
High receptors did not vary according to sex (see also McDougall et al. 2014b) nor did the basal locomotor activity of male and female rats differ at any of the ages tested. The absence of sex differences involving basal locomotor activity has often been reported with preweanling (Frantz et al. 1996; Sobrian et al. 2003) , adolescent (Slob et al. 1986; Brown et al. 2012) , and adult (Schindler and Carmona 2002; Festa et al. 2004 ) rats. Even so, adolescent and adult female rats will occasionally show more basal locomotor activity than males (Slob et al. 1986; Parylak et al. 2008) . Among preweanling and adolescent rats, the sex variable did not influence cocaine-induced locomotor activity (see also Snyder et al. 1998; Kozanian et al. 2012) ; however, adult female rats injected with 10 or 20 mg/kg cocaine did show more locomotor activity than similarly treated adult males. This is not a novel finding since many psychostimulants (e.g., cocaine, amphetamine, and methamphetamine) induce an excess of locomotor activity in adult female rats and mice (Schindler and Carmona 2002; Festa et al. 2004; Milesi-Hallé et al. 2005 . Importantly, changes in the number of high-affinity D2 receptors cannot account for sex-related differences in cocaine sensitivity because the heightened locomotor response shown by female rats treated with 20 mg/kg cocaine was not matched by an increase in D2 High receptors. Lastly, hormonal cycling of female rats was left uncontrolled in the present study; therefore, it is not known what impact circulating estrogen levels had on D2 High receptors or cocaine responsivity. D2 binding site density and cocaine-induced locomotion vary during the different stages of the estrous cycle (Bazzett and Becker 1994;  
